The urbanization and increasing growth of planet's population accumulates significant volume of disposed waste as well as increases risks on human health and environmental safety. Landfill systems are the dynamic, living in space and time, potentially harmful entities that must be managed in as careful and smart way as possible.
Introduction
The landfills are systems with mixed contaminants and approximate aftercare period from 200 till 500 years. During aftercare period there are risks to contaminate environment especially groundwater (Belevi & Baccini, 1989) . The landfills are identified as important source of groundwater contamination with organic and nonorganic pollutants (Fatta et al., 2002; Li et al., 2008; Alslaibi et al., 2011; Regadío et al., 2012; Li et al., 2014) . The aquafer contamination with leachate is serious environmental issue not only in developing countries, for example Morocco (Smahi et al., 2013) , Malaysia (Zawawia et al., 2012) , India (Gunjan et al., 2012) , but also in the USA where approximately 75% of the landfills have negative impact on groundwater quality (Jones-Lee & Lee, 1993). Similar results are found in Denmark and other countries. As presented in Figure 1 , there are 453 closed landfills in Latvia (LVGMC, 2019) . Potential contamination risk is in 335 closed landfills as well as significant contamination is identified in 37 landfills. There is a need for advanced knowledge about RURAL AND ENVIRONMENTAL ENGINEERING DOI: 10.22616/rrd.25.2019.024 landfill hydrology with the aim to develop and apply groundwater contamination mitigation measures and aquafers protection strategies. Landfill as any urban environment changes hydrological regime and in long term has an impact on hydrological cycle. The heterogeneous land surface changes hydrological regime and impacts a hydrological cycle, but there are still unanswered questions about the urban environment impact on water balance components (Van de Ven, 1990). In the natural hydrological cycle, there are three general components ( Figure 2 ) such as precipitations, evapotranspiration and run-off which are influenced by interception, infiltration, geomorphology, velocity etc.
The urban hydrological cycle has some components, but they are modified ( Figure 3 ). To evaluate water balance in urbanized catchment area, proportion of waterproof surface is used (Carle et al., 2005 (Carle et al., , 2008 Zhou et al., 2010; Mitchell et al., 2003; Lhomme et al., 2004; Ogden et al., 2011; Xiao et al., 2007) . The precipitation is one of the main components of hydrological cycle and the impact of urban environment on precipitation is investigated in some studies (Taha, 1997; Shepherd et al., 2002; Shepherd, 2006) and the main conclusion is that urbanization impact on precipitation is with a local effect. There is strong evidence of urbanization impact on evapotranspiration. However, there is a need for additional studies (Cheng et al., 2011) . Due to lack of vegetation in urban areas, the total evapotranspiration is lower than in rural areas (Taha, 1997; Chen et al., 2009 ). The vegetation in urban environment has a larger spatial diversity and there is a need for new technologies and modelling approaches to investigate this phenomenon. The water retention in natural areas is in the range from 0.5 to 15 mm. However, in urban areas water retention is from 0.2 mm to 3.2 mm (Marsalek et al., 2007) . The main indicator of hydrological balance change is roughness of surface, and it is one of the main research objects in hydrological analysis (Arnold & Gibbons, 1996; Shuster et al., 2005; Zhou et al., 2010; Jacobson, 2011) . The rain water and waste water collection are components of urban hydrological cycle and are developed to protect urban areas from floods and provide safe environment for humans (Delleur, 2003; Egodawatta et al., 2013) . The impact of urbanization on groundwater levels is investigated in many studies (Appleyard 1995; Changming et al., 2001; Schirmer et al., 2012) . In the urbanized environment the natural recharge of groundwater is transformed in new forms (Foster, 1990 ): 1) waterproof surfaces disturb direct groundwater recharge and deplete groundwater resources; 2) the urbanization increases groundwater recharge associated with infiltration from anthropogenic systems (Lerner, 2002) . In urbanized areas, the land surface is covered by waterproof surfaces where infiltration is close to zero (Leopold, 1968) . The proportion of waterproof surfaces variates from 50% in residential areas to 90% in industrial areas (Foster, 1990) . The aim of this study is to describe fundamentals of landfill hydrology in urban hydrological response unit context as well as evaluate the potential risks to environment and human health related to landfill geomorphology and hydrological balance in temporal climate conditions. The main tasks are: first, to investigate and describe water balance in landfills, second, divide environmental risk groups according to landfill geomorphology and hydrological balance, hydrological cycle components by landfill groups.
Materials and Methods
Landfill conceptual hydrological cycle is presented in Figure 4 . The precipitation (P) is the same as in urban and natural areas. Additionally to precipitations, there is water of irrigation or leachate recirculation (J). The evapotranspiration (ET) in landfill is related to vegetation and mostly landfill areas are covered by grass and in some cases covered by bushes and even trees. Surface run-off (R) in landfill area is lower than in urban areas but higher than in natural areas. Run-off from external areas (R E ) is not acceptable but in some cases can be issued by geomorphological conditions. The water content in soil (U S ) is part of water balance equation 1:
Where: Pi -water infiltrated in waste (mm); Pprecipitation (mm); J -water of irrigation or leachate recirculation (mm); R E -Run-off from external areas (mm); R -Surface run-off (mm); ET evapotranspiration (mm); U S water content in soil (mm).
Landfill hydrological balance has additional components: water added by sludge disposal (S), water production or consumption by biological degradation of organic matter (b), total leachate production (L) see equation 2:
L=Pi+S+Ig±∆U w +b;
(2)
Where: L -total leachate production (mm); S -water added by sludge disposal (mm); Ig -water from natural aquifers; U W -water content in waste (mm); b -water production or consumption by biological degradation of organic matter. Water content in waste is related to waste source and climate condition during waste disposal. The landfill water balance components such as water infiltration from natural aquifers, external run-off and leachate infiltration in natural aquifers are critical components of landfill water balance related to environmental risks.
Results and Discussion
The potential risks to human health and environment are related to leachate infiltration in aquifers. The landfills in Latvia were divided in three groups by landfill conditions and developed conceptual hydrological balance for each of groups using available information accessible in Latvia State Forest geographical information systems (LVM, 2019). The first group is landfills with controlled area and low risk of leachate infiltration in natural aquifers as presented in Figure 5 .
The second group of landfills is closed and recovered, but the soil layer is associated with medium environmental risks ( Figure 6 ). There is lack of surface run-off collection system as well as identified risks related to water infiltration in waste from natural aquifers and leachate infiltration into natural aquifers.
The third group of landfills has high environmental risks and includes landfills developed in abandoned sand or gravel mining areas where run-off is not collected and additional run-off from external areas infiltrates in waste body. This type of landfills is characterized with small amount of waste, but high risks of leachate infiltration in natural aquifers.
The analysis of hydrological components by groups is presented in Table 1 . Low risk group of landfills has a leachate recirculation system. The water exchange between waste body and natural aquafers is close to 0. The clean run-off water from landfill is collected and delivered to the closest water body.
In the medium risk group of landfills, there is probability of water exchange between waste body and natural aquafers, but normally it is close to zero. The risks of environment contamination are related to leachate generated by biological degradation of organic matter.
The high environmental risk group of landfills is characterized by positive external run-off, positive infiltration from natural aquifers and leachate infiltration in natural aquifers where contamination migrates to the closest water body and is transported to the Baltic Sea.
Conclusions
The landfill hydrological cycle has similarities with an urban hydrological cycle; however, there are additional components of hydrological cycle components related to landfill specification, such as water of irrigation or leachate recirculation and total produced leachate.
There are medium or high environmental risks related to closed landfills, and there is a need for additional investigation using GIS and hydrological modelling tools to mitigate contamination of groundwater and deep aquifers.
More studies are needed and modelling elaborated in order to diminish the discharges of contaminated groundwater and greenhouse gasses out of urban areas including contaminated and potentially contaminated sites and landfills.
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